This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANK (uspto) 



WORLD, INTELLECTUAL PROPERTY ORGANIZATION 
- i - . w International Bureau 



PCT 

INTERNATIONAL APPLICATION. PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : ; - 
F28D 15/00, H01L 23/34, HOSK ^f^^- 



Al 



(11) International Publication Number: WO 00/70288 

(43) International Publication Date: 23 November 2000 (23.1 1.00) 



(21) International Application Number; PCT/tJSOO/12564 

(22) International Filing Date: 8 May 2000 (08.05.00) 



(30) Priority Data: 
09/310.397 



12 May 1999 (12.05.99) 



US 



(71) Applicant: THERMAL CORP. [US/US];.Route : l\t3 & Edward 

Street, Georgetown. DE 19947 (US) % i 

(72) Inventors: 7 DUSSINGER, Peter. M.;8 Ltndside. Court, llititz. 

PA 17543 (US). , MYERS. Thomas^L.;, 44 .Rolling Hill 
Drive. LUitz. PA 17543 (US). ;\ iV ■ w» 



(74) Agent: MILLER, Larry, W.; 840 Srumpf HiU'iDrrve, Lancaster. 

pa 17601 (US). • * ><-:i.v.;. *a« 



(81) Designated States: JP. Eurasian patent (AM, AZ. BY, KG. KZ. 
MD. RU. TJ. TM). 



Published 

With international search report. 



(54) Title: INTEGRATED CIRCUIT HEAT PTPE HEAT SPREADER WITH THROUGH MOUNTING HOLES 




(57) Abstract 

A heat pipe (10) having mounting holes (12) therethrough. 




f 



THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the 



AL 


Albania ' ' ■ 




j Spain f : * ~i : 


• . LS ; 


: Lesotho , 


SI 

* SK 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


Slovakia 


AT 


Austria , ' ' 3 ' " , .", ^ 




France . .. 
Gabon 


; LU 


Luxembourg 

Latvia * " J 


. ,SN 


Senegal 


AU 


Australia 


GA 


LV 


*-'SZ 


Swaziland ' f " 


AZ 


Azerbaijan ... ... 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bos r. i a a n d He rzegov in a 


GK 


Georgia ;U •■ - J 1 


MD 


. Republic of Moldova 


T£ 


TOgO;, - 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


s ■ Belgium • ■ - '" : ' 


: gn ■ 


Guinea , -j > ' ; 


: MK ■ ; 


r The former Yugoslav 


< TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA : ' 


"" Ukraine . ' 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Be I ants 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


UK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


KR 


Liberia 


SG 


Singapore 







WO 00/70288 



PCI7US00/12564 



INTEGRATED CIRCUIT HEAT PIPE HEAT SPREADER 
WITH THROUGH MOUNTING HOLES 

BACKGROUND OF THE INVENTION 

This invention relates generally to active solid state devices, and more 
specifically to a heat pipe for cooling an integrated circuit chip, with the heat pipe designed to 
be held in direct contact with the integrated circuit. As integrated circuit chips decrease in size 
and increase in power, the required heat sinks and heat spreaders have grown to be larger than 
the chips. Heat sinks are most effective when there is a uniform heat flux applied over the 
entire heat input surface. When a heat sink with a large heat input surface is attached to a heat 
source of much smaller contact area, there is significant resistance to the flow of heat along 
the heat input surface of the heat sink to the other portions of the heat sink surface which are 
not in direct contact with the contact area of the integrated circuit chip. Higher power and 
smaller heat sources, or heat sources which are off center from the heat sink, increase the 
resistance to heat flow to the balance of the heat sink. This phenomenon can cause great 
differences in the effectiveness of heat transfer from various parts of a heat sink. The effect of 
this unbalanced heat transfer is reduced performance of the integrated circuit chip and 
decreased reliability due to high operating temperatures. 

The brute force approach to overcoming the resistance to heat flow within heat 
sinks which are larger than the device being cooled is to increase the size of the heat sink, 
increase the thickness of the heat sink surface which contacts the device to he cooled, increase 
the air flow which cools the fieat sink, or reduce the temperature of the cooling air. However, 
these approaches increase weight, noise; system complexity, and expense. 

It would be a great advantage to have a simple, light weight heat sink for an 
integrated circuit chip which included, an essentially isothermal surface even though only a part 
of the surface is in contact with the chip, and also includes a simple means for assuring ^ 
intimate contact with the integfated , circuit chip to provide good heat transfer between the chip 
and the :heat sink. •? ".' 11 :, " r " 
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SUMMARY OF THE INVENtl6N 

The present invention is an inexpensive heat pipe heat spreader for integrated 
circuit chips which is of simple, light weight construction. It is easily manufactured, requires 
little additional space, and provides additional surface area for cooling the integrated circuit 
and for attachment to heat transfer devices for moving the heat away from the integrated 
circuit chip to a location from which the heat can be more easily disposed of. Furthermore, 
the heat pipe heat spreader is constructed to assure precise flatness and to maximize heat 
transfer from the heat source and to the heat sink, and has holes through its body to facilitate 
mounting. 

The heat spreader of the present invention is a heat pipe which requires no 
significant modification of the circuit board or socket because it is held in intimate contact 
with the integrated circuit chip by conventional screws attached to the integrated circuit 
mounting board. This means that the invention uses a very minimum number of simple parts. 
Furthermore, the same screws which hold the heat spreader against the chip can also be used 
to clamp a finned heat sink to the opposite surface of the heat spreader. 

The internal structure of the heat pipe is an evacuated vapor chamber with a 
limited amount of liquid and includes a pattern of spacers extending between and contacting 
the two plates or any other boundary structure forming the vapor chamber. The spacers 
prevent the plates from bowing inward, and therefore maintain the vital flat surface for contact 
with the integrated circuit chip. These spacers can be solid columns, embossed depressions 
formed in one of the plates, or a mixture of the two. Porous capillary wick material also 
covers the inside surfaces of the heat pipe and has a substantial thickness surrounding the 
surfaces of the spacers within the heat pipe, thus forming pillars of porous wick surrounding 
the supporting spacers. The wick material therefore spans the space between the plates in 
multiple locations. 

The spacers thus serve important purposes. They support the flat plates and 
prevent them from deflecting inward and distorting the plates to deform the flat surfaces which 
are required for good heat transfer. The spacers also serve as critical support for the portions 
of the capillary wick which span the internal space between the plates. The capillary wick 
pillars which span the space between the plates provide a gravity independent characteristic to 
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the heat spreader, and the spacers ^around which the wick pillars are located assure that the 
capillary wick is not subjected to destructive compression forces. 

The spacers also make it possible to provide holes into and through the vapor 
chamber, an apparent inconsistency since a heat pipe vacuum chamber is supposed to be 
5 vacuum tight. This is accomplished by bonding the spacers, if they are solid, to both plates of 
the heat pipe, or, if they are embossed in one plate, bonding the portions of the depressions 
which contact the opposite plate to that opposite plate. With the spacer bonded to one or 
both plates, a through hole can be formed within the spacer and it has no effect on the vacuum 
integrity of the heat pipe vapor chamber, from which the hole is completely isolated. 
1 0 An alternate embodiment of the invention provides the same provision for 

mounting the heat pipe heat spreader with simple screws even when the heat pipe is 
constructed without internal spacers. This embodiment forms the through holes in the solid 
boundary structure around the outside edges of the two plates. This region of the heat pipe is 
by its basic function already sealed off from the vapor chamber by the bond between the two 

1 5 plates, and the only additional requirement for forming a through hole within it is that the 

• ■ ; - y v " : .y.y ,yy . • y,-:y .:. r tii ^ "--v. ;? 

width of the bonded region be larger than the diameter of the hole. Clearly, with the holes 

'" •* ' * ■ f > ■ "■ < r ^ y- : - ^ ' * . ; . - -yy <r \ f - -\ :•, : : -T 

located in the peripheral lips, the heat pipe boundary structure can be any shape. 

Another alternate embodiment of the invention provides for improved heat 

transfer between the integrated circuit chip and the heat pipe heat spreader. This is . 

20 accomplished by using a different capillary wick material within the heat pipe at the location 
which is directly in contact with the chip. Instead of using the same sintered copper powder 
wick which is used throughout the rest of the heat pipe, the part of the wick which is on the 
region of the heat pipe surface which is in contact with the chip is constructed of higher 
thermal conductivity sintered powder. Such powder can be silver, diamond, or many other 

25 materials well known in the art. This provides for significantly better heat transfer in the most 
critical heat transfer area, right at the integrated circuit chip. 

The present invention thereby provides a heat pipe with superior heat transfer 
characteristics, and the simplest of all mounting devices, just several standard screws. 
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f BRIEF DESCRIPTION OF THE DRAWINGS 

r v ' Fig. 1 is a cross section view of the preferred embodiment of the heat pipe of > 
thfc invention with through holes thr6ti|gh its vapor chamber and in contact with a finned heat 
sink; : ' v '' ■ = ' " * ^v^ti.Hsr^tc/;. 

Fig. 2 is a cross section view of an alternate embodiment of the heat pipe of the 
invention with through holes in the peripheral lips and in a depression in one plate; and 

Fig. 3 is a plan view of an internal surface 'the contact plate of the preferred < 
embodiment of the invention showing the region of the capillary wick constructed of sintered 
higher heat conductivity powder. ' , \ : i .; : r 

' DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

" Fig. 1 is a cross section view of the' preferred embodinient of a flat plate heat 
pipe* 10 of the invention v/ith through holes 12 through its 'vapor chamber 14 and in c^ 
with finned heat sink 16. " - r -> ' Vl - - - w - 

• ' Heat pipe 10 is constnicted by forn&g a boiih 

together two formed plates, contact j>late 18 and cover plate 20: Contact plate 1 8 and cover 
plate 26 kre sealed together at their peripheral lips 22 and 24 by conventional means, such as 
soldering or brazing, to form heat pipe 10: Heat pipe TO is then evacuated to remove all 
: nbn-condensiWe gases and a suitable quantity of heat transfer fluid is placed within it. * This is 
the conventional method of constructing a heat pipe, and is well understood in the art of heat 
••' pipes. ' '' "- " . 1 *"' • ;J * ■ ■'- r " ' ~ ' :> s; ' - ; ' ■ 

' The interior of heat pipe 10 is* however, eomtructed unconventionally. While 
contict plate 18 is essentially flat with the exception of peripheral lip 24, cover plate 20 
includes tnultiple depressions 26/ Depressions 26 are formed and dimensioned "so that, when 
contact plate 1 8 arid co ver plate 20 are joined, the flat portidns of depressions 26 are in - 
contact with inner surface 28 of contact plate 18. Depressions 26 thereby assure that the 
spacing between contact plate 18 and dover plate 20 will be maintained even though pressure 
differentials between the inside volume of heat pipe 10 and the surrounding environment might 
otherwise cause the plates to deflect to ward each other. ■• '■■ ' ~ 

- • Heat pipe 1 0 also includes internal sintered metal capillary wick 30 which 
co vers the entire inside surface of Contact plate 1 8. As is well understood in the art of heat 

: . 4 . 
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pipes, a capillary wick provides <the mechanism by which liquid condensed at the cooler 
condenser of a heat pipe is transported; back to the hotter eyapqrator where it is evaporated. 
The vapor produced at the eVappratorithen moves to the cpndenser where itagain.condenses. 
The two changes of state, evaporation at the hotter locale and condensation at the cooler site, 
are what transport heat from the evaporator to the condenser. fj ~ 

In the present invention,-heat pipe 1 0 also has capillary wickjpillars 32 vtfiich: 
bridge the space between contact plate 1 8 and coyer plate20, r Pillars 32 thereby interconnect 
cover plate 16 and contact plate 14 with continuous capillary \yick. This geometry assures , 
that, even if heat pipe 10 is oriented so that cover plate 16 is lower thaji contact plate 14, 
liquid condensed upon inner surface 34 of cover plate 20 will still be in contact with capillary 
pillars 32. The liquid wiU therefore; be moved back to raised surface 28 which functions as the 
evaporator because it is in contact \yith.a heat generating integrated circuit (not shown). 
Capillar>^pUlars! 32 are wrapped . aro by depressions 26, whichj prevents the 

structurally weaker capillary pillars 32 from suffering any damage. j, ; ; , ,,: • ^ , ; 

Fig. -k also shows frame 36 which is typically used to, surround and protect heat 
pipe 10. Frame 34 completely surrounds heat pipe } 0 and , contacts, lip 24of contact plate J 8. 
When heat pipe 1 0 is used to cool an integrated circuit chip (not.sho wn) which is held ^against 
contact plate 18,; cover plate 20;is held in mtimate contact ysath fin plate38, to which fins ,16 
are connected. The entire assembly of heat pipe 10, frame 34, and fin plate 38 is held together 
and contact plate 18 is; held against an integrated circuit chip by conventional screws 40, 
shown in dashed lines, which are placed in holes 42 in fin plate 38 and through holes 12 in heat 
.pipe 10, and are threaded into the mounting plate (not shown) for the integrated circuit chip. 

Holes; 12 penetrate heat pipe 10 without d^ 
because K>f their unique location. ;J Holes 1 2 are located within sealedstructures such as; solid 
columns 44, and since columns 44 are bonded tq, coyer plate 20 at locations 46, holes 12 , 
passing through the* interipr of columns .44 Jrave -no-. afijept : on the interior of heat pipe 10, { 

n ; The. preferred ^ heat pipe 

10 as shown in Fig. 1. ) This heat pipe is approximately 3.0 inches by 3,5 inches with a^ptaJ 
thickness of .200 inch. Cover plate 20 and contact plate 1 8 are constructed of OFHC cppper 
.035 inch thick, and depressions 26 span the . 1 00 inch height of the internal volume of heat 
.pipe 1Q. The flat portions of depressions 26 are .060 inch in diametei;. -Capillary, .wick .3,0 is 

, - 5 - 



<WO 0070288A1 I > 



WO 00/70288 



PCT/USOO/12564 



constructed of sintered copper powder and averages J040 incHtthick. Columns 44 have a .250 
inch outer diameter, and holes 12 are ,210 in diameter. 

: Fig: 2 is a crbSs section view of an alternate embodiment of the flat plate heat 
pipe 1 1 Of the invention with through holes 48 located within peripheral lips 22 and 24 of the 
5 heat pipe and hole 50 shown in another sealed structure, ;one of the depressions 26, The only 
requirement for forming hole 50 within a depression 26 is that the bottom of depression 26 
must be bonded to inner surface 28 of contact plate 1 8 to prevent loss of vacuum within the 
heat pipe; Of course, the region of the peripheral edges is also a sealed structure since 
bonding between lips 22 and 24 is inherent because heat pipe LI must be sealed at its edges to 
10 isolate the interior from the outside atmosphere. 

The only differences between heat pipe 1 1 of Fig. 2 and heat pipe 1 0 of Fig., 1 
are that finned heat sink 1 6 is not shown in Fig. 2, lips 22 and 24 are slightly longer in Fig. 2 
to accommodate holes 48, and hole 50 is shown. In fact, through holes 12 shown in Fig. 12 
are also included in Fig. 2. Although it is unlikely that holes 12, holes 48, and hole 50 would 
1 5 be used in the same assembly, manufacturing economies may make it desirable to produce all 
the holes in every heat pipe so that the same heat pipe heat spreader can be used with different 
configurations of finned heat sinks. The unused sets of holes have no, effect on the operation 
or benefits of the invention. 

Fig. 3 is a plan view of the internal surface of the contact plate 18 of heat pipe 
20 1 0 of the invention showing region 31 of capillary wick 30. Region 31 is constructed of 

sintered silver powder. While the balance of capillary wick 30 is conventional sintered metal 
such as copper, region 31 of capillary wick 30, which is on the opposite surface of contact 
plate 18 from the integrated circuit chip (not shown), is formed of powdered silver. The 
higher thermal conductivity of silver yields significantly better heat conduction through region 
25 31 of the wick 30, and thereby reduces the temperature difference between the integrated 
circuit chip and the vapor within heat pipe 10. This reduction of temperature difference 
directly affects the operation of heat pipe 10, and essentially results in a similar reduction in 
the operating temperature of the chip. 

The invention thereby furnishes an efficient means for cooling an integrated 
30 circuit and does so without the need for larger heat spreaders which not only add weight but 
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also do not transfer heat away from the^integrated circuit :as efficiently as does the heat pipe of 
the invention. - ,r " * : \ < » :l : ^ 

It is to be understood that the form of this invention a^ shown is merely a 
preferred embodiment. Various charigefemay.be made in the functipn and 
parts; equivalent means may be substituted for those illustrated land described; and certain 
features may be used independently from others without departing from the spirit and scope of 
the 1 invention as defined in the folio wing claims. For example^through holes could also 
penetrate heat pipe boundary structures with curved surfaces qr heat pipe boundary structures 
with offset -'planes which create several different levels for contact with heat sources or heat : 

Sinks. ..-i 1 "* *• "'.i v ■ .^:>,J: * •» ' ; v?; ' . '■<_■ ; V?.-j 
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! > W new and for which Letters patent of the United States are , 

desired to be secured is: 

1 i 1 v. ■ ^ In a heat pipe iri which a to 

2 the improvement comprising: - ■ ~ t: ; , 

3 at least one mounting hole penetrating the heat pipe. t 

1 2. " The heat pipe of Claim 1 wherein the mounting hole isolated from the vapor 

2 chamber by being located within a sealed structure which is sealed to the boundary structure 

3 so that the mounting hole through the heat pipe has no access to the vapor chamber. 

1 3. / - The heat pipe of Claim 2 wherein the* sealed structure is- a depression within 

2 one part of the boundary structure which contacts and is bonded to another part, of the, 

3 boundary structure. 

1 *4. '" — ' Theheat pipe of Claim 3 further including a capillary wick within the heat pipe 

2 attached to the part of the heat pipe which is in contact with a heat source, so that the 

3 capillary wick acts as the heat pipe evapdrator/the capillary wick being constructed with at 

4 least two separate sections of different materials and with a one of said separate sections being 

5 located at the part of the heat pipe which is in contact with the heat source and being formed 

6 of a material with higher heat conductivity than a one of said separate sections located at parts 

7 of the heat pipe not in contact with the heat-source. ' > 

1 5 . v ' The h6at pipe of Claim 4 whereiri the section of Wgher heat conductivity is 

2 constructed of sintered silver powder;* ,,[ - ■ > ' v c ^ 
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6. ^ In a heat pipe in- whiclr a? boundary structure forms an enclosed vapor chamber, 

the improvement comprising: :i r; \ r, ' i- . 

at least one mounting hole penetrating the heat pipe, with the mounting hole 
isolated from the vapor chamber 1 by being /located, within a sealed strupture^ which is sealed to 
the boundary structure so that the mounting hole through the heat pipe has no access to, the ?■ 
vapor chamber. , - * r>.v? i 

i: ' ■ ? The heat pipe of Claim 6 wherein the sealed structure is a column spanning the 

boundary' structure: v--- 1 rJov. ?. J- r- v ; ^-.v 

8. The heat pipe of Claim 6 wherein the sealed structure is a depression within 
one part tff the bound^y structure which contacts and is: bonded to another part of the 
boundary structure. r '- o.^ol >:i it: * ^sr- ^ : . • -w ,r - ; •• ;.<-.-* 

9. The heat pipe of Claim 8 wherein the sealed structure is a lip located at an edge 
- of the boundary structure which is bohded to another lip at tl>e edge of the boundary structure. 

10. *• - -In aheatpipe in ^yhich^a boundary stnicture fprms an enclosed yappr chamber, 
with a capillar wick within the; heat ,pipe attached to the part of the heat pipe which is in , 
contact with a heat source, so that the-; capillary wick acts as the heat pipe ev^pratQr,ithe 
improvement comprising:^ r: .. ! u i . ! ; ; /* v ; ; \. t . ^> \ . 

the capillary wick being constructed with at least two. separate .sections. of > 
different materials and with a section located at the part of the heat pipe which is in contact 
with the heat source being formed of amateriaL with higher heat conductivity than sections 
located at parts of the heat pipe not in contact with the- heat source. ^ . - ; . : v : , L 

1 1 . The heat pipe of Claim 1 0 wherein the section of higher heat conductivity is 
constructed of sintered silver powder. 
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1 12. The heat pipe of Claim 10 wherein said boundary structure includes at least one 

2 mounting hole penetrating the heat pipe, with the mounting hole isolated from the vapor 

3 chamber by being located within a sealed structure which is sealed to the boundary structure 

4 so that the mounting hole through the heat pipe has no access to the vapor chamber. 

1 13. The heat pipe of Claim 12 wherein the sealed structure is a column spanning 

2 the boundary structure. 

1 1 4. The heat pipe of Qlaim 1 2 wherein the sealed structure is a depression within 

2 one part of the boundary structure which contacts and is bonded to another part of the 

3 boundary structure. - > ,■ . - 

1 15. The heat pipe of Claim 12 wherein the sealed structure is a lip located at an 

2 edge of the boundary structure which is honcied to another lip at the edg? of the boundary 

3 structure. ' " 
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